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The present invention relates to a method of manufacturing a 
structural steel product in use for welded structure such as building, bridge, 
ship, marine structure, steel pipe and line pipe. It is an object of the 
present invention to provide a method of manufacturing a structural steel 
product for welded structure that can minimize the difference of toughness 
between the matrix and the heat- affected zone, by heightening fraction of 
ferrite in the matrix and enlarging number of TiN precipitates having 
high-temperature stability to improve mechanical properties of the matrix 
and inhibit effectively the growth of austenite crystal grains in the matrix 
when high-heat input welding is applied. 

This present invention to achieve the above object relates to a 
method of manufacturing a structural steel product for welded structure 
having high toughness of welded heat-affected zone. The method includes 
heating a steel slab within the temperature range of Arj to ( Ar3+50°C), the 
steel slab containing in mass %:C:0.03-0.017%, Si:0.01to 0.5%, Mn:0.4 to 
2.0%, Ti:0.005 to 0.2%, Ai:0.0005 to 0.1%, N:0.008 to 0.030%, B:0.0003 to 
0.1%, W:0.001 to 0.2%, P: 0.03% or less, S: 0.03% or less, O: 0.005% or less, 
1.2^Ti/N^2.5, 10^N/B^40, 2.5^A1/N^7, 6.5^(Ti+2Al+4B)/N^ 14, 
cooling down the heated steel slab to the temperature range of (At^-^25X^) 
to (Ar3 --25'C) at a rate of 25'C/sec or less, hot-rolling the steel slab at a 
reduction of no less than 60%, and cooling the steel slab to room temperature 
at a rate of 5-30*C/sec. 
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?il!21,^gOfl Bti H ^Sjs aXliOll DIAfltf MmE°\ SIS SplSAI ilSerS^OI ^4stUiN 

^5|t ^SSPI B m'SS. C:0.a3-0.1?J!, Si:O.OI-0.5X. Mn:0.4-2.0X, Ti:0.005- 

0.2%, Al: 0.0005-0. 1J!, N:0. 008-0. 030J;, B : 0.0003-0. 01 X, lll:0.001-0.2X, P;0.03a3|*b S:0.03X01Sh 
0:0,005SaD|5L 1.2:£Ti/N<2.5, 10:sN/B£40, 2,5<AI/Ns7. 6.55: (Ti+2Al+4B)/-N^ 141 &tE^ 
Hg Ar,~(Ar,*50X)£| SSIS^IS QS, SS^i^l (Ar,*25-C)~ (Ar,-25*C)2J SES^URI 

25'c/secQisra ^ss ieS^jsk)! bomdi^ S8^sS §ifsa5F:2 5-30*c/.<>=ic2j >-^^^ELs :j^w:\ 

§3751, TiN^la, fflEfOie, 7Jllgil01^^, gSIE^j 
SgfSf ^ 

s. "►gg 3*, SL^, s/j, $H?f^5#, ElSliiJOli §2J gg^^lOfl AtgElS qi2§ &^H°1 

«i2g^a(Hi att sioia. aa 6^A^s^?^l^, asioii mm ieioim ^oisai owt? TiN^gi 

20IQ. 



35, 2!^#, ^5121 HSil [^EF Afttl^ CHSSei9A1 ^sXBS CH^EIH SiD. 01 

tgxiM §S5^?l mm'^ ssi §soi g:'ra5ioi, ^im gg^i^ inei 

§201 CHSg AIOIMCHAIE IgS a SaiMS tSSOl H^^Sf?!! Algan 2J^ ^§0|Q. 

51f 5i! a 121? MOHW aOlAI B^l 25iimOI&'2| SSS^^ 3^0||£ ^^?I2F iija gg 
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^ 2171 210IQ. Afgaa sis chs§2| ^nt ioo-2ookj/c»oii ^B&a^oi, sd 
7^sSH:^. 

SXICHI CHS 101 2|§£|3, §gAI ^^£1= lSgStf^(Heat Affected Zone) SSI §l<y (fusion 
boundary) m^'St'^t gSS^lflHI SI^B ©SOU ^EJW 7^§i!D. OIWI UiSi, §S 

gSif^2| ggiiOl ^gsra ^CHSrail isSZ^Sl-gOIIAI 4.^ WIOILIOIg S □^^ll!A^O|e S 2!S(HI ^ 

COaAi, gS7212| ohg^S S^aSh7l ^Al^, gSgStf^ei 2iEIILJ0IM 1§S!2| g&l m 
SKU OIABSCT STJIAIl §£7^ 2iP-. Oil Se^S^^ 49£SS> H^OflAi °i^tt ifSH S£ TiJS & 
itH SI ifXBOII SllSl g5A|?l ISA! Sg§Stf^2| XI3AI5IIW Sfe 7|# SOI 

^373 2iD. Oiam^IsS^ §S ^§I5?HSM (1)11-140582, (1)10-298708, (1)10-298706, (1)9- 
194990, (1)9-324238. (1)8-60292, (4:)60-245768. (1)5-1868482:, (^)58-310652:, (4:)61-?97452, 
ISSStfSIPq M 523 2S. 49101X1 S SS^«IS?HSfi (i)64-15320a §01 2JQ. 



OlSOilAI ^^gJHSa (1)11-1405822=, TiN2| ^§11 OiSSfe mS.m ^mS.. lOOJ/cinSj 

gJaif(aJP^§SE i4oo*c)oi sjgi mon oxodai t^asoi 2ooj§E(ax8= aooj §£)2i 

ix||7^ iWAiaOl SlP-. Ol m7\mM=. Il/Ng ^'1S<£S 4-12S BSitm O.OB^imOlol-S! TiN 

S 5.6xt0'?H/i«rf~8.1xl0*3H/ritf, 0121-1.4)11 0.03~0.2^m2J TiN^^^lS 3.9x 10'7H/irf~6.2xlO''?H/rarfS 

^tAi3iAi sa^ej ast ^ssm SiD. 

aau, 01 tits^isofl 2ls^3, lookj/cm^i oia'sssoi sjtg uh, awl2^ §str^°i a^oi [MMm 

S. Wll(0-C2j #^2!^^ gilxIS aX||:320J, m^%^^'22SU) m 3 ^OPh 100J §£S ?lAf «^ 

a sflisj §goii i,^^5s2i iias s^aoii tt?i?F 21Q. ^a- or-iek m 
XI7FS9I& 3SS msm 2ti2i aX'iBis sitr Mm% sm7^ sq. st.^ s^= 1 

ElOlg^lEKIIE S^Om«^^'£E?h 400HPa, SiS^iTH^h 530NPa, SdSOl 20ZO|3hS #€0| S^S 
100. 




s i^gs axBM nrnti aieroiMsi ^oisai I2so^§1gol ^^^tt TiMijiisi th^^i S2ai?i 



1 Hissfea, 3^s!oi 20. 

^71 ^551 ^m\l\ B I'SS, SiWS C:0.03~0.17S, Si :0.01-0.52, Mn:0.4-2.0X, TiiO.OOB- 
0.22, Ai: 0.0005-0.1?, N: 0.008-0.0303!, B: 0.0003-0. 01 J(. 9:0,001-0.2%. P:0.03XO|SK S:0.03XOl5h 
0:0.005aDlSK 1.2<Ti/H:s2.5, 10sN/Bs40, 2.5sAl/Hs7, 6.5s(Ti*2AI+4B)/Ns141 ^^1= i^SE^ 
^1 Ar.~(Ar,*50-C)2| SES^IS IVmi Qg, 

:>f§S! te^Ml (Ar,*25'C)-'(Ar,-25-c)2| SEg^PW 25'C/secO|*12| ^ES a^isfOl BOSClfe^SI S.»5l 
IS §Li^^35Hl 5~30-c/sec£| ^J^I^ES yzisfe 21S 5i.^5lOI ^«SD. 

oi$K s I'St &'Aidi sstn:^. 

a ^^SIHIAI •:?2iE«U0|e (prior Austenite)-gf gOI^ 2,^X1108 CHSg §S0| SJH iDj SS gSt; 

^011 sga= £^aiuoiEM iisfe 22s. &»i2j ;3l^2lS(g^^g^ssg)^nlA^ s^a=2^Eiiuoi 

2!o^7aAJ 
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§gistF^2i ei^oi STVi axi Sr^= q= mum sfeishSQ. 



0\im &gWIAI S ITS MAIS #28StPi^2| ««g 7Hi31f 4* 2i= QBlk 2S 

Ill QIA-m TiN ^S12| g5M S^tW SISAI, J2S01IAI <^§S£| ^^gSS LI-EH-H= l5l£5^ 
(Solubil ity Product )m Sh= 3ta tMI, 



f §901 2iD. DISK ^71 |llt2]I3m ^^jfflSiog a^^iQ. 

[\] TiN 

S E^SM CaHF Ti2^ N°| bl(Ti/Nm 1.2~2.52|_^$|S 53 US TI2| gfOI ^ES ^'^^^.^ 




mi ej^gm CH^M USAIgj QgOll gUAl TiN£g DIAIISH 5*01 SfiftKIfeCI sfa 

Q\t\k sEl5^^"f ioi ^i-^ns ssaTasn son issa^ 5t# sjeieisa 

>«» 37121 Q\m immmo\ o.S/moim ^^^.£s i .oxitfw«rf oi4^£s mseais 5101Q. 



12) nilllDiSSdaOl^ ^§i!2l AltgltH 

a g«o| o«-ioil tO=3. e;^a2J l^aSF 2]S# WAIFISAI qiSiEIILIOIMSi 3?ll BdmS. W\ 91 
SIaS- islSlS t.^^ MHKIIM * lemiMSI aXB^^IWAI HOEhOIMSI 3711 Aflgaeh^ 2!0| 

£ aiauoii-iaieKJiE sehai etusj *i#(wc, F8,c. vc dos 2l*^ laoiM ism A-anshAia 

Q. 



13] §ggStf^2| D|/(I152{ 

a &221 ^*5^a AI^S, €S§2t.*^21 °im= SM7^ 1400-cOI^^£S 7m Oil ?2 

^EotiSlE 3g|! 371 g3 OHJa. qi£:iaiUO|E l§a?l)(MIAl <S!gSfe lEt0IM2J SflF ^4^01 S 

§0|E2| ?EHi «asf^ 2J0I SfiSO. B SSMAIS oil AIN, Fe»(B.C)„ BNi^SSSS Olt 
DISK S SSs &II2I i«2h 3 »15SS£S 7^SI0t ^AIISI gStiCK 

i§s ^^t 5«) 
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• §ri(C)2i tmSr 0.03-0. 17XS shs soi uh.'-^shik 

csj 0.035! olsrs! s-£SAi£i ^'£nsj[ g§Mm. sl^ c:7^ o.itxi mt[ 




m 




■ S£LKMn)2j mm 0.4-2.0Xg ItJtIS 2101 U^g??*IC^. 

S^mOi nail ^^SKfl 7X1 IlgSsFA?^ S SISs ^aohrOI, OlS ^loIIAI = 

fiSfiD^ l?.ra4!0fl asTi^sais ejstHi stHt^ gtn mm. m, 

ro^iiaOflma ^lAll^l S DIAIffi^iOl ^WU S9AI g^^WI S^ffi<siCH2| SSI 5S§K)1 a 
fe^-gl^SflTHatta'^^^ °^2-^= TiJII i!tH ^91011 MnS^ 

• ^^□fe(Al)2| 0.0005-O.lXS Mm\= 2101 H^g^^SO. 

• E|EFH(Ti)2| tm^ 0.005-0.2XS 3g|«»«fe 201 UHf^^HIK 

ioiD of^? Di/I# mmm S7i ^i^bai^. Tit o.oosffli^^ s^hoioiot o^A|o^ n ^jm 
a«§s eiJaitCT ss^7l lusM uf^sisw s^o. 



ices, B)2j i^irs 0.0003-0, ous Mm\^ ^.oi aF&^iso. 



^X*^^ q, □2,hgo, jjiig^oiM SEHS m^mL\. B t^^ifOI 0.0003a]|°^?J 3? 
S3§0I g-a^* 7F&«0| 2171 IBISOII dUrsjtl^Ta SSHII-. 

• 14:(N)°J IJlfg 0. 008-0. 03XS XfltJSfe 2!0I UHTSisiQ. 

TiN AIM BN VN, NbNSl ^^AIJl^OI S4g7^i^L^ DjEJg §SAI #Sl§*f^°i Sci 

SUo e ^gg SsS SBl m AIN, BH. VN, NbN ISI ^.^ISft S7W2!Q. ^SL 

mm. 0.03XS »it»Bfe 2101 u^&^^a. 



3x1 El 

So 1=1 00 



• Siii3(i»)2j t}?r= o,ooi-o.2xs 210) unrsjso. 



14-4 



^2002-0041080 



• 2!(P) S iKS)£J itlFg 0.030XOISe MtaS^ 2101 Bll,^S!5tQ. 

S= Q^£S SXHSIS 3? FeS 1£| TaggiHIfSl SSAIPPI IfflSOfl 7tstt *^ V^TII £.eiofe 201 

tim^m. m2i^. sssstf!^ sis si s^i^ ^iit $i^ai^ ssii^ o.ossoiss 2!0i 

g^'s a CRTS laoii &m stm nw^is sF°g, tsAi aas? a 

a wg^t^ s^iss o.oo3»)flAi o.03xol5^g 201 ui^^sishik 

0.0053! £m\^ i^oj^ t&soiiAi liiitus ssaoi TiN^#ie s^sfxi SoF 
SOI us stm oi*Pi mgofl hi&^sot ^h:k 

• am 1.2-2.55 201 ui^^^m. 

B SSOflAI Ti/NHIl 2.50!o^s '^^tQ, 01^ 2:?^ §§01 9X0. Sffll, TiN4|gl£| ^H^^l 

9AI 9g§WI gSAIl 4^ 20IQ. ^, li Tit^lfOIIAI l^tflfS §?FA|?I3 952f§S ^ztSh 

goiiAi ngEioi TiS}^7^ lifcSTjsF iiisioi oiAiit^ TiN^sjtMoi 2r^£S gssw 

£IS 310ID. mm, aSOiWei 2.^^^S UEH.HS t5|£2j (Solubility Product)OI mM Ti£| IB 

s, TIN i!#ioi nsoflAi e.i-§5BaD. naiu, li/Nupi- 1.2 oisjas aa axssj usi^ifoi S7h 

s-iFsa ^^goiiAi a:Hl^ TiNoi mm iiiei 3§t^ 20i7:i;^i Sr^aoi, a*f riM^g 
7\ krg aoi2i Tioi imms. sjqioKJi gsistf^ ei^m us? gtm oi«pi mgoi u^g^ 

• M^°i idi^ io-40£g sj^ 201 u^i}?^s^D. 

S gi'^Ol/j N/BUI7f 10Die.>OI9 ^JZrj2f@§0i| SL::^E1LI0IM ^SSlTIIOflAi LRI^SI ISiOIS 9 

eii BN2I ^^siroi m#msfdi. N/Bui7t 401 ^imm 3^m= 3 saFTf smoi 
iroi §7mot gssstr^ e<€M ;a«FAi?i7i lusoia. 

• A1/N2I tilt 2.5- 7g gfe 201 bl&^SlsH:^. 

B ttgOBAI Al/HdP^ 2.5Qie!£! 3^WI= MBOm mW ^SS}7\ ^ti AlN^Sia ^±7i M 

s^oBe □ feiiCT ssfau. 

• (Ti*2Al+4B)/H2J UlS 6.5~US SJ^ 201 HHJ^m. 

S ^^OBAI (Ti+2AI+4B)/N2| UPP 6.5DIS.I2! 2? §SlSt.^^a :?£il:EI|LH3IM 3§g g^fsji-fl, g 

laioflAisj oiAfltt zyzm laoiM i2§§^, isauojAisj si qsi^si ihieioim 

Si 2^Ms2J UtOtl TiN, AIN, BN, VN ^#121 H:?! SJ g5?H^7^ gSg^FDj, 

(Ti*2Al*4B)/NO| I4S £2mt 3?01l^ SlU-^F SSSQ. tm. vol g^lEI^ 
(Ti*2Al*4B*V)/N2J U|g 7-17S ^SSfe 201 UH^SHIK 

01 bius(V)2i t^^s 0.01-0.2XS Jiit.itfc 201 unTsisHi^. ^e^ itjtB vni ssskm ©sis 

tf^WIAI latOjg ^Sl ^2A|?|& a^tOlDI. VH^ B^£S ^gSFTiU TIN^glOB ^sjgSFOl 15101 
HH3IM ggS g^s 2jXflSl^ ^^►t tlQ. Ve^SlfOI 0.0IXDIE.K)1IA1S VN^^It^OI flBSOU §gg 

stf^Ai i^s^o|g sEH^s £in ^:'i:'f t'lo. t^s 0.2x1 z2\m sm si §2istf^(HAZ) 



S.t.K V/H2I d|= 0,3-9S Sf= 201 bHfS|SfQ. 

e ffSOBAI V/Nb|7F 0.3Die.fe! g^Olfe SSSSSf^ 2J«?Hd« *iy TiN*«nS*!#l ^ISSHW 
S}§ VN4!gl ?H4i SI 3711 sras^7| OlSU, e.^^(HI, V/NHI7^ 91 s2ISh^ 3?Dfl=, 
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MmuS^fJ^^J'^MS^^^^l^^^J^^ aQ4f6^AI?l7| m, Ni, Cu, Nb, Mo. Cr£| □ 
■ Ul(Ni)£| *^grs 0,1-3.0XS Mtit\= 201 bUfSjSiCK 

^ NiW O.IX 01^ §7EI010t mJ\°^, □ t^lTOi 3.0X1 sMfS i&'^g S7W?1 S^f&i oi 

i?r.°^# ^n?^'^!"^ is^sif^ s isg^oiw itW:?7 DHSofl biC&w 

^^ip S CP!^ S^-SI itiSHJIM iS^OllE Stfg QWHS. a HfS 0^" 5Xg 201 

M saiefe 2?, igJSOl 9I?3A| gSlS^e? 2!^ SI tgSOll erg^i iS^SPl ifflgoia 
^ UaM(Hb)£l tigs 0.01-0. tOJtS JBtJthfe 201 UfW^^Cf. 

NbS H«| ir£SrM£| S-gOllAi Sstf OiaiH £2fe Nbt^SlTOI O-OIXDIE-KHIAIS St 4: 

aa. o.ixi smm mti MSi e^^ti sehsioi axasi agoj s eihs blr^ 

• 3§(Cr).S 0,05-1.0X3 Sfe 201 bH^^lShQ. 

Crg s^i^Ai^m at^ 2f£g tf^'-Ai^iboi. 3 trsifoi o.oai: dibs." §^(hi^ ses as 
4 an. 1.0X1 ^iisi-^ 3^ axil a HA2e!«§t^# ^EHtio. 

• ieiM9!(Mo)S 0.05-1.0X2 20) bUf^^O. 

|Eg. S ©SMAi^ 7^§AIM 2>£BUD|Ee| a«§e|S|l 9|o| Ca. REM2| E^ 2SS 

/'g^i'RBii^oHgSOl vMtHS ^&M9{ SLUmM ?mMR^B\UOm IgSl SSI 2! ' 

201Wk CaOl 0.0(BX W 0 
^Ce. U, Y a Hf§2| Ig E^ 2gO|#t AFgSIOj^ 9g!tl-J2rciir2S^?l MS 4 m 

D. fit §ri+s §S2f 2«§e awioiiai oi^sck ov'h_«cuKnoo;a 

B m^. oiEitf ©ii^sg(HlAl g^ir4:i s{g^5 oi§e q§ tis §7h&<»gA»i ti 
01 g si# m^m ^asfoj. i-imi^ 201 b^&s!sra%§«^£i fe^f oTai^ 
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Cr < Mn < Si < Ti < Al < REM < Zr < Ca % te 

s i^i£^ oh? mEo. mM7fm umf\ m oraB fe^^^o^i Hi oTf 

ltdSra. ^i+fllSJ ^ain 4 SiOl HFg^SFQ. 




01 sfispi msoiQ, 



14*1 JHXHt oia 
ran 2{oi ;Hiiii(Hi hisb 



g2j gsEwiioii 2iti stfs, s gs2i siHHi oixi^q &^=ci- 

^ 2101 uf&sjShQ. sfg. gA}* ggfgofl Tioi o.oosa]|& ir^goj ass. ^52isoii;y oiAiigf tin 

-r-j-00 




S0|£ 2tfs QIXIS SiSsf iiKWID 



S ^"SSJ s:?(HI m-eg, S^l^i^E^ 0.9~1.2in/iBin£g Sfe SIOIQ. H 0IS= ^5^E7^ 
0-9^»inpie^^|J(HI ?1533a|OII= ^SHJ SdSOi gOlJgol. 1.2in/mn SD s^ESSB. 

SIL^S^^^HI^ '^1'^'^= ^^-^^ ^' 0 • 3-0.35 i/kgos 20) #Q. HI4^| O.SeAg 
□ e^2| TiN4s!Se2| SCHS^S S BS^J Slg aoPI m vm 3?i S lOieSl 
mSO. Bl^l 0.354/kgg 42^^^ S? TIN ^s|gg2| ^§e!E4i7f S!0| S gglf Sail S 

l^ggOIAIS «S1!10JS^31 ISH lE^Oie IggS AJStfAlB <^ SiS SS^SiS ggSt^CH. ^ 

DIA^ls^ m7i s^xusi pitiisj isi ^MMm iibsoid. 

gaSM (Ar,*25)~(Ar,-25*C)2J SEl^WW 25•C/sec0IS^2| ^ES ^Zftt D§. (Ar,+25)~ 
(Ar,-25*c)2| SEiHIAl STSt TH/JtHIf. !i^^^E7^ 25X/8ec ^2f2| g?OilS SiauOIS fllSS 32} 
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t sfaspi oia§i oi^fs! gtoj^j Q|^^r^ jaeioiM gggt srasf^i m7\ tusoiQ. 



(Ar,+25'C)-(Ar,-25*c)2| 2E7Zf£S QgOlI 01 SE:?i2.DflA| Z'^*°5tlQ. 2r^SE7^ Ar,-25^c 

Jrtl&OlM OIAOSHM St?» DISD. SrSS£7f Ar.^ZB'c ^2^2| g^M^ SEH 

^^,Hrli"®^^^ 6oa3i£r£s 2101 ti[^^t\Q. e^sisoi 601012)21 3 

OIM i§i!0| 4= 2iD, 




SiiEBLIOie as oefSAHJIM SOI SSEIOI £a»l2!«M 0|»7I BHgOil b^g•^«W STQ. 

• 0IAB5S! 



ath, lapif tIEWIgSI ^aS^OilAI 1HI0IM2I ^MgOl feO^§4§ eJOISJ oi^ 01 g^ig goi 

oil 231^ oil. mm\ESi ^sts 80%oi^2s eis 3101 ?il^t^^ils^b. 

#gl§lf^2| :?2>£||LWie ISHS. aX||2J £>iflU0|e Igg 37Pf go gjgiQj ^5 

isHlSI 3gt^ g£7F nam. ISlStl^OflAj :2AEilUQ|E2| §si HfpiSSA^. i;^ 

§,JiMo^ 301 sa&ia. oil 9is8Ai= rm^msi QMms. nmioi im mi si 
tyji 5iot fLd, 




M 



(Pinning, g§g ^§2^^8)Sa•7^ £1017312 5CHt.^ dig^JHXlll2F 7}S« 5101 717115! -ggOfl S 

8sagtf¥2i a^auoiM s§g 3711 sTuxie! 80«<oi*fg woisppi cngo. '"^^ 




^5SISl£DI, OHIH S ^^S£J 22H fiO|7l m i^gg tJgg^ Sii^EI :?«b|l S 3o| Umi 

m g^ass bxb^s^ axssi «si g7fsh7i m Aitieig g^otxn^j 
ISIinlf^Q""™' srsst?. nan Afin(a«rw)#^Aisl ISi^^fSr^siirl 

eiSAISSS KS;f^(KS B 0801) 4S AiSS§ 0l§S^2£Dl e!§A|*^s 3gA sflc Ajgc (cross head 
speed) Bmm/iDiinMAI Ai^5|-2Q. #^AISS^ KS(KS B 0809) 3S AjtlSWI 5SI0! l^fiaoffl OlS 
iL^mm 3M2i 3^ S3gt.«2| ^3 (L-T)OflAI 7|gof2l£OI Sg«|2| 3° gSd Stfil 7^ 
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IHIAI2I 2:tEilLI0|E IggES KS:?^ (KS D 0205)011 2JS8 ^S5^sa:^ 
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